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(54) Variable speed transmission 
including fluid pumping means 

(57) A variable speed transmission 
for coupling a constant speed driver 
to a variable speed load includes a 
rotary input shaft and a rotary out- 
put shaft (5) linked by a fluid drive 
means including a pump. Broadly, 
the pump includes rotor means 
coupled to the input shaft and a 
rotatable pump casing drivingly 
connected with the output shaft, a 
valve (10) being provided in the 
discharge from the pump. The rotor 
means may constitute meshing 
sun/planet gears (Fig. 3) where the 
pump is a gear pump, or may in- 
clude vanes (45) engaging a loaded 
casing (49) when the pump is a 
vane pump (Fig. 6). At start up the 
valve (10) is open and pressurised 
fluid is discharged from the pump; 
and the output shaft (5) rotates at a 



low speed. At normal operation, the 
valve (10) is closed and the pump 
is effectively fluidly locked so that 
output speed substantially equals 
input speed. The pump pressure 
fluid discharge can be fed to a 
motor e.g. a turbine (1 1) drivingly 
connected to the output shaft (5) so 
that there can be energy regain at 
reduced speed operation. 




The drawings) originally filed was/were informel and the print here reproduced is taken from a later filed formal 
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SPECIFICATION 

Variable speed transmission 

5 The present invention relates to a variable 
speed transmission including fluid pumping 
means. 

Variable speed transmissions are known 
wherein an input is connected to an output 

10 via an epicyclic gear or other mechanical 
differential type gear, and additionally a fluid 
power system is connected between the epicy- 
clic or differential gear and the output (or 
alternatively the input). In one particular 

1 5 example (see German Patent Specification 
OLS 2902893), a pump of the fluid power 
system is driven by a slippage element of a 
differential gear, i.e. by the orbiting planet 
carriage of the gear and supplies pressure 

20 fluid to a fluid motor drivingly coupled to the 
output shaft: this enables slippage power to 
be regained when the transmission is operat- 
ing in a speed reducing mode, i.e. with the 
planet carrier orbiting. The present applicant's 

25 European Patent Application No. 

82304449.0 describes a further improved 
form of variable speed transmission of this 
type. 

It is an object of the present invention to 

30 provide an efficient variable speed transmis- 
sion including fluid power means but which is 
of simplified construction. 

Accoding to the present invention there is 
provided a variable speed transmission com- 

35 prising a drive shaft system including a rotary 
input shaft and a rotary output shaft, fluid 
pumping means of the positive displacement 
type consituting part of said drive shaft sys- 
tem, said pumping means including first and 

40 second reaction elements for creating a fluid 
pumping effect, the first reaction elements 
being driven by one of said input and output 
shafts while the second reaction element is 
adapted for movement adjustment whereby 

45 the pumping effect can be varied even when 
said one rotary shaft driving the first reaction 
element rotates with uniform speed, a fluid 
inlet to the pumping means, and a fluid 
discharge from the pumping means. Prefera- 

50 bly said second reaction element is drivingly 
connected to the other of said input and 
output shafts. 

In a preferred embodiment, said pumping 
means embodies a casing which is coupled, 

55 or is drivingly connected (e.g. by gearing) to, 
and rotates with, the rotary output shaft; and 
a rotor or rotors housed within said casing, 
these rotors being coupled, or drivingly con- 
nected to the rotary input shaft. The transmis- 

60 sion may alternatively comprise a pumping 
means embodying a casing coupled to, and 
rotating with the input shaft, and a rotor or 
rotors housed within this casing coupled, or 
drivingly connected to the output shaft, i.e. 

65 the inverse of the above described arrange- 
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ment. 

Preferably the amount of fluid discharged 
by the pumping means is controlled by means 
of a throttle valve, and preferably this valve is 

70 a spear valve, the jet from which is preferably 
arranged to drive a fluid turbine which is 
drivingly connected to the output shaft. 

In one of several preferred embodiments, 
the fluid pumping means comprises a gear 

75 pump wherein the pump gears form an input 
sun gear and planet gears, the planet gears 
being housed within the rotating pump casing 
connected to the output shaft. This rotating 
casing additionally constitutes the planet car- 

80 rier. \ 

In a second preferred embodiment the fluid 
pumping means comprises a sliding vane 
pump wherein the rotor carrying the sliding 
vanes is driven by the input shaft, and the 

85 casing, within which this rotor rotates and 
which is internally lobed, is connected to the 
output shaft. 

The variable speed transmission according 
to the present invention enables a substantial 

90 reduction in the number of operating parts in 
comparison with prior art transmissions incor- 
porating hydrostatic elements, particularly due 
to the fact that the rotating positive displace- 
ment pumping means provides the dual func- 

95 tion of effectively transmitting torque in a 
mechanical mode from the input shaft to the 
output shaft when the input/output speeds 
are uniform, and of absorbing the slip work 
done in the form of hydraulic energy in a 
100 speed reduction mode, which energy is reco- 
verable in a hydraulic turbine or hydraulic 
motor drivingly connected to the output shaft. 

Embodiments of the present invention will 
now be described by way of example with 
1 05 reference to the accompanying drawings in 
which: 

Figure 1 shows a cross-sectional side view 
of a variable speed transmission according to 
the present invention; 
110 Figure 2 shows a sectional end of the 

transmission of Fig. 1 through section A-A; 

Figure 3 shows a further sectional end view 
of the transmission of Fig. 1 through section 
B-B; and 

115 Figure 4 shows a view of a portion of Fig. 2 
but including a modification. 

Figure 5 shows a cross-sectional plan view 
of a variable speed transmission through sec- 
tion X-X in Fig. 6 according to another em- 
1 20 bodiment of the present invention; 

Figure 6 shows a sectional view through 
section Z-Z through the pumping means of 
Fig. 5; and 

Figure 7 shows an end view looking on 
125 cross-section Y-Y of Fig. 5. 

Referring to Figs. 1-3, a variable speed 
transmission T is provided for use in transmitt- 
ing power between an input member (not 
shown) and an output member (not shown). 
1 30 The transmission T is particularly intended for 
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and the transnS on can • j" PUt Speed ' 
in drives for rotodynamic W,d f a PP«cation 
5 compressors, in Xch tL P T S ' fans and 
substantially propZton^ f °^ PUt t0rque is 
output speed and fo P n i t ° tne , square of the 
Pumps and conveyors ta^F d,s P' ac ement 

splined or grooved enTi a 9 , 25 ' and havin 9 a 
input member and t n d J* *> r C0U P«"9 to the 
, B gear 2 driving a pluralh^ . 1 Carries a sun 
15 which are housed in 3 P ' 3net 9 ears 3 
fitting rotatabVe casino 4 S $ pon ° d b V a close 
4 comprises disced 2nH he rota table casing 

together by SS^T^ 48 8eCU ' ed 
wall part 4C snariZT ■?' d an an nular 
20 planet leels Tnai^ S 4A ' 4B; and & 
^hydrostatic bushes 6Bt?H nd,eS 6 r ° tatin 9 
The wall 4A is secured t '2 « * Wa " s 4A - 4 C 
output shaft 5 whose 1*1! fla ?£, 5A of an 
for couplino to *hl ! - er end 58 is adapted 
25 4B has P a JZZ?Zt The " a » 
within ball bearino io L ? 27 m ounted 
journalised in beannn T^' 6 the snaft 5 is 
rotary support of th» 9 * 6V6S 29 to enable 
0n shaf/l emerfog^a^^^^^^ 
30 The planet glaS 3 ?re ^iT** °° re 30 
cylindrical housinos 31 fn ?^ ted ,n part 
(see especially Fr g 9 3 fwhiX e K Wa,, . Part 4C 
serve as pumpino chLn housm 9 31 
2 and planet EXftESSif* SUn ^ 
35 a mechanical drive afer? add,t,on t0 Providing 
Sear pumps 32 hJJ™ ??T as "Vdrostatic 
for the geaV pump^ttaken fT*"^ ° H ' 
.13, and fluid deliVerv J J? om a sum P 
inlet conduit 14 ti S nl« e m P ^ P . S 32 is 
40 located in the cas°nn « tet manifold 15 
«on 27, then%^ S rc^ 5 3 a T n c ^ d ^a. por- 
7 m wall part 4C (Rg sfrL ^ 48 to P orts 
«n rotating wall 4Bhave^n -ir^' 3 ' ducts 21 
to assist inlet fluid fl ow to thi Pe '' er function 
45 Pressurised fluid IrtZhV^Z 9 ™ pum P s 3 2. 
ducts 38 in wall 4A ^n 9 • ports 8 and 
shaft 5 which duct -22 £5?' dUCt 22 in 
manifold 9 in casino,^ *? an out,e t 
_ located «*lSrS5 B JS? in ' et port 7 is 
50 gears where the re^Sf^h ° f the 
from each other, wWtelhf « !f h are rec eding 
located adjacent nhiZ !l & out,et P or * 8 is 
Preaching ea^Xr *• *** are a P~ 

88 from ge e arp u X m |5V h d e h '' 9h PreSSUre ** 
the buckets 11 of »* - d ' r f Cted to im Pir»ge on 

coupled to the turbine 12 5? 3 P ' nion 33 
34 concentric wfth the sha** 68 3 ., 9e3r whe e' 
65 C3Si "9 4 - as tolrt^f s^nT"* * 
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ances to minimiseTeXe *~ 't^' 
70 the foVo r w?nTfSrer T de n i Ud n ° r mav inc »"de 

drawn* nto 2? ^ *° Pr6Vent * being 
takeTfrom t^T^T 1 7 b 

axial impeller 19 Lw , ^ d,sc harge or 
Rn ducts 2 S. ALrnJ^l°Jr anCeS 17 via 

88 Slid seals' 37 rS ed J? bea ™9 3 6 and 

The transmission T oot^ 6 a ? pr °P riate 
start up rotation of tL P t6S 38 fo "ows: at 
the P | a P net gZ" ? t o he '" Put ^aft 1 causes 
the gear pump? 32 n ! 3nd consequently 
90 fluid to bJ dTawn in 03086 W ° rkin 9 

around housing 3 1 to the k PUmped 
and with the s?ear J a ,ve iS «t POrt 8 ' 
open the pressurised fluid ™f ' e38t partia,, y 
nc manifold 9 whence hi, «? P t 8Ses to tne outlet 
95 turbine buckeu 11 via tZennlT? X nt ° the 
turbine 12 therefor* . OZZ,e 10: *e 
inp 4 and tneTutpiTnaftB t^" 8 ' 09 the cas ' 
a ow speed initially Thelt ,° TOt3te a,beit at 
will reduce the tu Z'J 2 w,n 8 casing 4 
100 by virtue of the P eZi? 9 ° f pum P s 32 

ets 3; and at full ° f rotation of plan- 

valve io wS J?£S 275°° *• S P aa " 

the planets 3 and ih» e ^ ec,tw ely locking 
inc 5) rotates sub^mfeJlt ^ S ' n9 4 (and the shaft 
1 05 input shaft l3 n un !f on with the 

tion due to clearLce leaS' ^ Page reduc ' 
v alve IO is ooeneri *hl , Wnen th e spear 
about their axis In^d aP 3net gears can ™taS 
, , Pass high piiurrj,,^;" 9 ^" tne su " gear 
110 oil) to the . P mpuKr b d ni P ^ hydrau «c 
is speed redaction. SJ,"*" mode tha re 
serves to recover a ■£ L f- arran 9 e ment 

Pumps 32 h merest be d,s charged by 
on the n^| B 'SK^*; c £^^™^ 
1 20 tional sleeve valve mZmhi of an add '- 
a«y moveable win The so? ' 23 ', wh{c h is axi- 
sleeve valve 23 s Dr Vl? Pmd,e 10C - This 
such that bypass norfc ^r 8 ^ °" s P ,nd le 10C 
body 10B remaTn 1°° need 'e valve 
125 spindle 10?SS n 23T d "?*'' the nee dle valve 
to the right to ^ Sfv 3Va ' Ve 10 3re mov ed 
movement to °faJ^2T position - Further 
IOC causes °he sle 9 ve wl. he V3,Ve s P ind ' a 
uncover bypass poS inn 6 member 28 to 
1 30 tional fluid to pass dL ° m P3rm,ttin 9 addi- 
H airect to the sump 1 3 via 



conduit 24, without impinging on the turbine 
buckets 1 1 . This arrangement thus allows 
higher maximum rotational speeds in the 
planet gears 3, thereby permitting greater 
5 slips and lower transmission output speed on 
shafts 5, without the need for increasing the 
size of buckets 1 1 excessively. 

The high pressure oil bypassing the impulse 
turbine 1 2 and passing directly to the sump 

10 13 can be used to provide the power fluid for 
a jet pump booster (not shown) preferably 
arranged in the sump at the suction of the 
transmission, to provide the increased inlet 
pressure required by the rotating gear pumps 

15 32 at large slips to avoid cavitation, when a 
separate mechanically driven booster pump is 
not provided for feeding oil to the trasmtssion. 

The relationship between the speed of the 
jet from the spear valve, 1 0, and the periph- 

20 eral speed of the impulse turbine buckets, 1 1, 
is such as to give good efficiency of slip 
power recovery, especially at the higher power 
region of the operating range of the drive. 
Referring now to the embodiment shown in 

25 Figs. 5 to 7, a variable speed transmission 
includes an input shaft 41, housed in a fixed 
casing 42, and having a splined or keyed end 
43 for coupling to a sliding vane pump rotor 
44. This rotor is generally of cylindrical shape 

30 with a series of ten stepped radial slots 46 
machined into it. The pump rotor 44 carries 
ten vanes 45, also of a stepped cross-section, 
which are a close sliding fit in the correspond- 
ing slots 46. Pump rotor 44 is housed in, and 

35 supported by, a rotatable casing 47, which 
comprises a cylindrical outer pressure shell 
48, an internally lobed liner 49, an end cover 
50 containing inlet ducts 51, and an end 
cover 52 containing outlet duct 53. The liner 

40 49 is provided with a non cylindrical bore 
with two concave lobed surfaces 54, and 55, 
symmetrically disposed about the axis of rota- 
tion. The liner is radially slotted to provide 
inlet ports 56 and outlet ports 57. The axial 

45 length of the ten sliding vanes 45, is deter- 
mined such that fine axial clearances 58 are 
maintained at all times between the ends of 
vanes 45 and the internal faces of the end 
covers 50 and 52. 

50 The liner 49 is fitted with eight trapped 
holes 59 at each end, and the end covers 50 
and 52 are bolted to the liner by socket 
screws (not shown) which are fitted to these 
tapped holes. The liner 49 has two external 

55 axial recesses 60 cast or machined over all or 
most of the full length of the outer surface to 
form an inlet duct for the pump, and two 
similar external axial recesses 61 which form 
an outlet duct from the pump, when the liner 

60 is contained within the outer pressure shell 
48. 

The fixed casing 42 is fitted with a fixed 
inlet liner 62, the interior manifold 63 of 
which communicates with the oil in the casing 
65 sump by a means (not shown) which is of 
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similar form to inlet conduit 1 4 as described 
in the first embodiment (Fig. 1) of this inven- 
tion. 

The rotating pump casing 47 is mounted at 
70 its inlet end by a bearing 64 fitted within 

fixed casing liner 62. This bearing permits the 
pump casing 47 to rotate freely. The pump 
casing 47 is bolted at its discharge end to a 
hollow flanged output shaft 66 by bolts 65, 
75 fitted in to end cover 52, which rotates freely 
with a fine (restriction) clearance 67 within 
stationary sleeves 68, 69 and 70, which are a 
tight sealed fit in the fixed casing 42. The 
restriction clearance 67 mitigate against es- 
80 cape of pressurised fluid via the bore of shaft 
66, and end chambers 74A, 74B are pro- 
vided to catch any leakage fluid. 

Rotation of the input shaft 41 of the 
transmission at a higher speed than the out- 
85 put shaft 66 causes the pump rotor 44 to 
rotate relative to the casing 47. This causes 
hydraulic fluid, preferably oil, to be drawn 
from the sump located underneath the casing 
42 into the manifold 63, whence it flows with 
90 an increase in pressure via axial impeller (in- 
ducer) 71 and radial ducts 51 to inlet ducts 
60, and thence via inlet ports 56 to the pump 
working chambers 72 between the sliding 
vanes 45. High pressure fluid is discharged 
95 from the interior of the pump via outlet ports 
57, to outlet ducts 61 and 53, and thence to 
the bore 73 of output shaft 66. This duct 73 
leads to an outlet manifold 74 in casing 42. 
The pressure energy in the high pressure 
1 00 fluid is converted to velocity energy by means 
of the spear valve 10, of similar construction 
to the described in the first embodiment. The 
volume of fluid permitted to flow through the 
valve nozzle 1 0A to the bucket of the energy 
1 05 recovery turbine buckets 1 1 is controlled by 
the position of spear valve 10. As in the 
previous embodiment, fluid discharge from 
the turbin 1 2 falls freely to the sump, and the 
power from the turbine is fed to the output 
110 shaft 66 via pinion 33 and gear wheel 34, 
the latter being mounted on, and concentric 
with the rotating casing 47 which is directly 
connected to the output shaft. 

In this embodiment, further design features 
115 may be included, as described previously for 
the first embodiment, viz: 

— fluid cooling means in the sump. 
— sealing fluid to prevent air being drawn 
into fine clearances. 
1 20 — sump baffles to assist aeration. 

— spear valve bypass arrangements. 
In operation, this embodiment operates in 
the same basic functional way as in the em- 
bodiment incorporating the gear pumps, the 
1 25 latter being replaced by the sliding vane 

pump. Specifically, when the spear valve 10 
is closed, a fluid lock occurs in the vaned 
pump and the pump effectively acts in a 
mechanical mode to transmit input rotation to 
1 30 the output shaft 66. 
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described have sTbsSnt li L' nVent,on above 
conventional hyKZffJ? advan tages over 
, n are both more compact ar"? " that the V 
10 cant proportion Sf thellfD ? 0 e K e ab,e 3 si 9 ni «- 
when the output speed I if . k recove red 
than the inpuf spS Thl SUbstantia, 'y 'ess 
efficient over a,so more 

, netic torque cI^^JS?*"" a "Vclroki- 
15 Furthermore, they ara * Fott ' n ger type, 
ture and compare til 6CO " om « c *o manufac- 
with ali altemS Snf " ^ I COSt basis 
drive. For continuous?n e «t Var,ab ' e speed 
^ speed range it is D l„K n over a wide 
20 recovery turbine ism™ 6 that the P° w er 
energyTosses fV ■ 52S? d t0 minimise 
over most of the ^SSffS L^' 0 " 8 in which 
speed is required to hf 9 6 the out P u t 
as the inpu? speed Lh 6ry near,v the «me 
25 output •ZXTt^S^*'* 
other exceptional circum^ at Start U P or 
systems as described "h,, 063 then the drive 
direct discharge "f t Je Surd% may T*™ 6 with 
o ^ positive displacement n. d m the rotatin 9 
30 to the sump P Suc^a S vSV' a I Va,ve ba <* 
tage that the slip p am o has tba disadvan- 
this disadvantage is fess L?° J eCOVered but 
fons where conttnuo* ?£ES?!? 8pp ' ica - 
put speeds is not reauireH I at ,ow ou t- 
35 extremely compac 

speed transmission TJL . ,nex P ens »ve variable 

•ow speed hTgh °" Sr a oo ar,y SUitab,e for 
drive motor other Ih^ app,,cat 'ons. A fluid 

A could also oe used t o ' mpU,Se turbina 

40 . Further modiS^ 

■n the transmission. For examoff "SZ possib,a 
types of positive di«ni=L P ' e ' drffe rent 
be used othe?iha n ?St^ m f Umps cou,d 
and vane pumpsf for exarn^t described 9ear 
45 screw, radial piston or SK' . P " mps of tha 
be used. H ° r a * lal P'ston types could 
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CLAIMS 

50 |nga d^s^s^S 8 ^' 0 " compris. 
input shaft and a mtl.™ Inc,ud 'ng a rotary 

P"rnping means of th^ °"- PUt Shaft ' i,u * 
^Paconstrtu?^ 
er tern, said pumofno m« " d dr,ve shaf t sys- 
55 second reaS? ellme ' nC ' Udin9 first and 
Pimping effect the f,rs * for , creati ng a fluid 
being driven by one SL^* 0 " e,ema nts 
shafts while the second i- PUt and out PUt 
adapted for movem fnl raact »°n element is 
60 the pumping eCrcanhi UStmentWhere by 
said one rotlry " haft h?k 6 Va L' ed even when 
element rotates w?f SEX* - *? reacti °" 
•nlet to the pumoino mJ- Speed ' a ""id 
discharge frorSSumpS a " d 3 " uid 
« 2. A variable speeo^SSon as 



tioreSm^ second reac- 

oth 3 er * s^^sssst the 

70 c«aimed A ir c a ^^2 ra H SmiSSion as 
Provided to cloTe the f(L Wher r means are 
Pumping means J5^,£?r* fr ° m the 
reaction elements Tare liT.U . f '?' and sec °nd 
7c the rotary shaS to otat '« y '°£ ked to P er mit 
75 same speed. te at substantially the 

c«ated^aTo^ 
wherein said Jumpi? q * e Precedin 9 claims, 
means drivingly Touoled^ S .^P"'** rotor 
80 shaft and a pum^S™ h° Sa ' d one rot ary 
means. P cas,n 9 housing said rotor 

0 «s adapted for rotation Z " e pum P cas ing 

zzssz 25 zsr ass 

95 claimed A in a c ra ^%Td d arf m, ' S ^ as 

in claim 5, wherein thl add,t,ona »y as claimed 
prises at leas^ part of ^S 3 ^ ' Carrier com - 

8- A variable^? d / otar V Pump casing, 
claimed in claim ! k trans mission as 
100 means "o^tnet^T^^ 
rotary pump casing consttuSi^' 3nd the 
reaction element const,tute s said second 

nm ^^'ftiZST*" as 

105 means is a sliding | vane „ II p " mpin 9 
means comprisina I r l P mp ' sa,d rotor 
vane which engages S^'" 9 S ' idin 9 

1 throttle valve. d,sc harg e comprises a 

Calmed m dSlo SP wt tranSm, ' SSion as 
valve comprise m a 1 s 0 p e : r he va S v; ,he thr ° tt,e 

claimed t da?m b ' e o P o e r ed - 
120 motor driven by fluid °di!L ndud,n 9 a fluid 
Pumping means vfa J* i t from the 
fluid motor being d r S. U ' d dlschar 9a. said 
oth^r one of the^aTstftr^ l ° S3id 
125 claimed focS' 6 ?^ trans mission as 
comprises a turbine.' 6,0 the f,uid "otor 

claimed ? n dafm 4 ^t* ^amission as 
1W °utPut mant ?stur W ou e nd n th f,U ! d ' nput and 

130 put shafts --"--^tsai^ 



fluidly connected to fluid chambers within the 
casing wall by ducting provided within the 
casing wall r said chambers opening into the 
interior of the casing. 
5 1 5. A variable speed transmission as 
claimed in any one of the preceding claims, 
wherein the fluid discharge from the pumping 
means comprises an axially extending internal 
passage within one of said rotary shafts. 

10 16. A variable speed transmission as 

claimed in claim 1 5 when dependent on claim 
14, wherein said internal passage is located in 
the output shaft, and fluidiy communicates 
with said output manifold via a radial duct in 

1 5 the output shaft, and annular seal means 

surround the shaft on either side of said radial 
duct to mitigate against escape of pressure 
fluid via the shaft bore. 

17. A variable speed transmission as 

20 claimed in claim 1 6, wherein the annular seal 
means comprises elongate sleeves surround- 
ing the rotary shaft and defining elongate 
restriction passageways with the shaft, said 
passageway opening into end chamber remote 

25 from said radial duct. 

18. A variable speed transmission as 
claimed in claim 1 4, wherein said pumping 
means includes an inducer located in said 
input manifold. 

30 19. A variable speed transmission as 
claimed in claims 12 or 13 wherein means 
are provided to cause at least a portion of the 
pressurised fluid discharged by the pump 
means to by-pass the fluid motor. 

35 20. A variable speed transmission as 

claimed in claim 1 9 wherein said fluid by-pass 
means are embodied in the throttle valve. 

CLAIMS 

40 1 . A variable speed transmission compris- 
ing a drive shaft system including a rotary 
input shaft and a rotary output shaft, fluid 
pumping means of the positive displacement 
constituting part of said drive shaft system, 

45 said pumping means including first and sec- 
ond reaction elements for creating a fluid 
pumping effect, the first reaction elements 
being driven by said input shaft while the 
second reaction element is adapted for move- 

50 ment adjustment whereby the pumping effect 
can be varied even when said input shaft 
driving the first reaction element rotates with 
uniform speed, a fluid inlet to the pumping 
means, and a fluid discharge from the pump- 

55 ing means, a fluid motor receiving pressure 
fluid discharged from said pumping means 
and for drivingly connected to said output 
shaft, valve means for regulating the flow of 
pressure fluid from the pumping means to the 

60 fluid motor, and means drivingly connecting 
said fluid motor with said second reaction 
element of the pumping means whereby the 
pumping effect is varied. 

2. A variable speed transmission as 

65 claimed in claim 1, wherein said fluid motor 
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comprises a turbine. 

3. A variable speed transmission as 
claimed in claim 1 or 2, wherein the valve 
means comprises a throttle valve. 
70 4. A variable speed transmission as 

claimed in claim 3, wherein the throttle valve 
comprises a spear valve. 

5. A variable speed transmission as 
claimed in any one of the preceding claims, 

75 wherein said second reaction element is dri- 
vingly connected to the output shaft. 

6. A variable speed transmission as 
claimed in any one of the preceding claims, 
wherein said pumping means comprises rotor 

80 means drivingly coupled to said input shaft 
and a pump casing housing said rotor means. 

7. A variable speed transmission as 
claimed in claim 6, wherein the pump casing 
is adapted for rotation said pump casing being 

85 driven by said output shaft. 

8. A variable speed transmission as 
claimed in claim 6, wherein the pumping 
means comprises a gear pump, said gear 
pump comprising a sun gear constituting one 

90 of said reaction elements and a planet gear 
meshing with said sun gear and constituting 
the other of said reaction elements, the planet 
gear being carried by a planet carrier. 

9. A variable speed transmission as 
95 claimed in claim 8, and additionally as 

claimed in claim 7, wherein the planet carrier 
comprises at least part of said rotary casing. 

10. A variable speed transmission as 
claimed in claim 6, wherein the pumping 

100 means is of the vaned or lobed type, and the 
rotary pump casing constitutes said second 
reaction element. 

11. A variable speed transmission as 
claimed in claim 10, wherein the pumping 

105 means is a sliding vane pump, said rotor 

means comprising rotor carrying sliding vanes 
which engage with the internal periphery of 
the rotary casing, said sliding vanes consist- 
ing said first reaction element, the rotary 

110 casing being of internal lobed form. 

12. A variable speed transmission as 
claimed in claim 6, wherein fluid input and 
output manifolds surround the input and out- 
put shafts respectively, and the manifolds are 

1 1 5 fluidly connected to fluid chambers within the 
casing wall by ducting provided within the 
casing wall, said chambers opening into the 
interior of the casing. 

13. A variable speed transmission as 
120 claimed in any one of the preceding claims, 

wherein the fluid discharge from the pumping 
means comprises an axially extending internal 
passage within one of said rotary shafts. 

14. A variable speed transmission as 

125 claimed in claim 13 when dependent on claim 
12, wherein the said internal passage is lo- 
cated in the output shaft, and fluidly commu- 
nicates with said output manifold via a radial 
duct in the output shaft, and annular seal 

130 means surround the shaft oh either side of 
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